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Abstract: We derive optimal monetary stabilization rules and compare them to simple rules under both full
and partial information. The nominal interest rate is the instrument of monetary policy. Special attention is
devoted to inflation targeting and nominal-income-growth targeting. We use an optimizing-agent model of
a closed economy which features monopolistic competition in both product and labor markets. A stabilization
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prices, and three shocks that are unknown when contracts are signed. In order to highlight basic theoretical
results, we deliberately keep our model simple enough that we can obtain exact solutions. Optimal rules
maximize the expected utility of the representative agent subject to the information set of the policymaker.
A key result, possibly surprising at first, is that even with monopolistic competition, the optimal full
information policy makes the economy mimic the hypothetical equilibrium with flexible prices and wages.
We explain why strict versions of inflation targeting, nominal income growth targeting, and other such simple
rules are suboptimal under both full and partial information and derive flexible versions that are optimal under
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plausible parameter values.

Keywords: monetary policy, monetary rule, wage contracts, price contracts, full information, partial
information.

“The authors would like to thank Robert Usarek for valuable research assistance, Corrado Di Maria and
Morten Spange for pointing out errors in previous versions, and Kevin Lansing for helpful comments. Earlier
versions of this paper were presented at the University of Kentucky, Aahrus University, the Konstanz Seminar
on Monetary Theory and Monetary Policy, the 2002 Winter Meetings of the Econometric Society, the
University of Linz, the Central European University, the National Bank of Austria, and the Institute for
Advanced Studies in Vienna. Kim's work on this project was supported by a Bankard grant from the
University of Virginia. The views in this paper are solely the responsibility of the authors and should not be
interpreted as reflecting the views of the Board of Governors of the Federal Reserve System or any other
person associated with the Federal Reserve System. The email addresses of the authors are
jinill.kim@frb.gov and dale.henderson@frb.gov, respectively.




1 Introduction

We derive optimal monetary stabilization rules and compare them to simple rules
under both full and partial information. Optimal rules maximize the expected utility
of the representative agent subject to the information set of the policymaker. In
accordance with the practice of most central banks, we assume throughout that the
nominal interest rate, not the money supply, is the instrument of monetary policy.
Inflation targeting and nominal income growth targeting receive special attention as
in other recent studies.! Inflation targeting is of particular interest because in several
countries the monetary policymaking process is referred to as inflation targeting.

We use a model of a closed economy with optimizing firms and households, mo-
nopolistic competition in both product and labor markets, and one-period nominal
contracts. In this setting and within a range, it is profitable for firms or workers
to increase their outputs or labor services in response to increases in demands even
though they cannot change prices or wages. A stabilization problem exists because
there are three i.i.d. shocks that are unknown when contracts are signed. Agents are
‘identical’ because contracts are synchronized, so we can consider the utility of the
representative agent. This utility can be written as a function of only employment
and shocks since consumption is implied by the production function.

Our purpose is to illustrate some basic theoretical results in an easily understand-
able way. Therefore, we impose enough simplifying assumptions to insure that we
can obtain exact analytic solutions.? Of course, monetary rules for actual economies
can be evaluated only in more complicated models for which there are no analytic
solutions, exact or approximate.

We consider two cases: (1) all wages set in contracts and all prices flexible and (2)
all wages and prices set in contracts.® If wages are set in contracts, for some shocks

'For a comprehensive listing of studies of inflation targeting, see Svensson (1999). For a listing
of papers on nominal income targeting written before 1993, see Henderson and McKibbin (1993).
For listings of more recent papers, see McCallum and Nelson (1999a), the discussion paper version
of McCallum and Nelson (1999b), and Jensen (2002). Frisch and Staudinger (2003) show, as we
do, that the ranking of the two rules depends on productivity shocks.

2 As shown by Woodford (1999), under certain conditions, when shocks have small variances cor-
rect welfare rankings are obtained from utility calculations made using the standard linear approx-
imation method developed fully in Rotemberg and Woodford (1998), the discussion paper version
of Rotemberg and Woodford (1997). However, in general, even when the variances of shocks are
small, incorrect welfare rankings are obtained from the standard method. For example, Kim and
Kim (2003) show that in a model of international risk sharing, the standard method implies that
welfare can be lower with a complete market than with autarchy.

3We can limit our focus to these two cases because, as we show in Henderson and Kim (1999), the
outcomes in the third case with price contracts alone are the same as the outcomes in the case of both
wage and price contracts for all variables except, of course, for the nominal wage. However, if prices
are fixed by staggered contracts instead of by one-period contracts (or by synchronized multiperiod
contracts), results depend crucially on whether wages are fixed by contracts or are flexible as shown
by Erceg, Henderson, and Levin (2000).

We recognize that it would be very elegant if we could assume that some fraction of wages and
prices are set in one-period contracts and the rest are flexible as in, for example, Ohanian, Stockman,
and Killian (1995). Then we could investigate the effects of nominal rigidity by varying the fraction
of wages and prices set in one—period contracts. Unfortunately, it is not possible to obtain exact



the attractiveness of some simple rules depends crucially on whether prices are also
set in contracts. For each case, we determine the optimal rule with commitment
when the policymaker has full information, that is, knowledge of the current values
of all the shocks.

Although it may seem surprising at first, the optimal rule with nominal contracts
generates the unique outcomes for employment that would emerge in equilibrium with
full flexibility of wages and prices and given shocks.* With full flexibility, employment
does not depend on the price level (neutrality) or inflation (superneutrality) and the
mean and variance of employment are independent of monetary policy. Of course, full
flexibility employment is below Pareto optimal employment because of the distortions
resulting from monopolistic competition, but there is nothing that the policymaker
can do to change this fact.” With nominal contracts, monetary policy can affect
both the mean and variance of employment. However, expected utility with nominal
contracts is always less than or equal to expected utility with full flexibility. That
is, it is not welfare improving to raise expected employment above the full-flexibility
level toward the level it would have without distortions. Thus, the policymaker’s
best response is to replicate full flexibility employment, and this response is feasible
with full information.5

For us ‘targeting’ a variable means either total or partial stabilization of that vari-
able and ‘strict’(‘flexible’) targeting means total (partial) offsetting of deviations of
a variable from a target value. The policymaker must target a nominal variable (ei-
ther inflation or nominal income) if there is to be a determinate rational expectations
equilibrium; that is, there must be a ‘nominal anchor.” If the policymaker responds
to deviations of two variables—for example, inflation and output—from target values,
we say it is targeting a combination of those variables.” We show that inflation tar-
geting, nominal income growth targeting, and some other simple rules are suboptimal
with full information. Among suboptimal rules, nominal income growth targeting
dominates inflation targeting for plausible parameter values.

A policymaker might use a simple rule based on a limited subset of variables

solutions under this assumption in our one sector model.

4Obstfeld and Rogoff (2000) have shown that under certain assumptions, optimal stabilization
policy mimics the full flexibility equilibrium even in the presence of distortions resulting from mo-
nopolistic competition. We replicate this result in a closed-economy setting.

% As stated above,we assume that the policymaker must commit itself to a monetary rule. In
the absence of this assumption, the policymaker would have an incentive to create surprise inflation
in order to raise output and employment above their full flexibility levels because of the distortions
arising from monopolistic competition. The inflation rate would be indeterminate because under
our assumptions inflation does not enter the objective function of the policymaker which is the utility
function of the representative agent.

6However, replication of the full flexibility equilibrium may not represent the upper bound in the
presence of externalities. For example, the policymaker can do better than replication of the full
flexibility equilibrium in the model of Koenig (1996) which incorporates nominal stickiness and an
externality.

"We recognize that some authors use the term “flexible inflation targeting” to refer to any rule
in which the monetary authorities respond to inflation deviations no matter whether they respond
to other deviations or not. However, we think that the terminology in the text is clearer.



because it does not have information on other variables.® We determine the op-
timal rules under alternative assumptions about partial information. Under these
assumptions, the policymaker knows the current values of some or all of the variables
determined by the model (inflation, output growth, and employment growth) and can
infer something but not necessarily everything about the current values of some of
the shocks. We show that strict inflation targeting, strict nominal income growth
targeting, and some other simple rules are suboptimal with partial information. Also,
flexible versions of these same rules are suboptimal except possibly under the very
restrictive assumption that inflation, nominal income growth, or some other limited
set of variables is the only information available to the authorities.

Our paper is closely related to two sets of recent studies. The first set shares our
objective: evaluation of alternative monetary policies in a setting similar to ours.”
Also, in this set the interest rate is often the instrument of monetary policy.'® How-
ever, all the authors use approximate solutions, and most use simulations because
obtaining exact analytic solutions is not possible in their models. We supplement
these studies by obtaining exact analytic solutions in a simpler model.

The second set shares our modeling strategy: using a simple model with an exact
analytic solution.!! However, the setup differs from ours in all these papers, and the
objective differs in all but one. As regards setup, for us the nominal interest rate is
the instrument of policy, and it responds to shocks or changes in variables. Although
we adopt the conventional assumption that the period utility function is additively
separable, we consider a limiting case in which real money balances are constant
except for response to a shock. In this case, variation in the nominal interest rate
does not generate welfare costs associated with variation in real money balances. In
the second set, the money supply is the instrument of policy and in all but one of the
studies it is either kept constant or is varied so as to fix the exchange rate. Some
authors allow for variation in real money balances associated with variation in the
nominal interest rate but simply assume that the welfare costs associated with this
variation are small enough to be neglected. Others assume that consumption and real
balances enter utility as logarithms and that the growth rate of the money supply is
ii.d. In the latter situation, the nominal interest rate remains constant. As regards
objectives, we evaluate alternative monetary stabilization rules in a stochastic model
with three shocks. One two-country study considers the utility effects of alternative
money supply responses to a productivity shock, but all the other exact-solution

8 Also a policymaker might choose to follow a simple rule if it believes that it would be too difficult
to explain a more complicated rule to the public.

9This set includes Ireland (1997), Goodfriend and King (1997), Rotemberg and Woodford (1997),
Rotemberg and Woodford (1999), King and Wolman (1999), and Henderson and Kim (2001).

10 Among the studies cited in the preceding footnote, Henderson and Kim (2001), King and Wolman
(1999), Rotemberg and Woodford (1997), and Rotemberg and Woodford (1999) assume that the
interest rate is the instrument of policy.

"Benassy (1995), Corsetti and Pesenti (2001), and Obstfeld and Rogoff (1998) have discov-
ered closely related sets of assumptions under which exact analytic solutions can be obtained in
closed-economy, stochastic models; two-country, perfect foresight models; and two-country, stochas-
tic models, respectively. In Henderson and Kim (1999) and this paper, we use many of the same
assumptions.



studies focus either on the utility effects of a one-time increase in the money supply
in a perfect foresight model, on the implications of an exogenous money supply process
in a stochastic model, or on a utility comparison of fixed and flexible exchange rates
in a stochastic model.'?

The rest of this paper is organized into five more sections. Section 2 is a descrip-
tion of our model. We devote section 3 to the benchmark version with full flexibility
of wages and prices. In sections 4 and 5, respectively, we analyze alternative monetary
policy rules in versions with wage contracts and flexible prices and with both wage
and price contracts. Section 6 contains our conclusions.

2 The Model

In this section we describe our model. We discuss the behavior of firms, households,
and the government in successive subsections.

2.1 Firms

A continuum of ‘identical’ monopolistically competitive firms is distributed on the
unit interval, f € [0,1]. With no price contracts, firms set their prices for period
t based on period t information. With one-period price contracts, firms set prices
for period ¢ 4+ 1 based on period ¢ information and agree to supply whatever their
customers demand at those prices. In either case, the problem of firm f in period ¢
is to find the

max gtg‘t,t—i—j (SPPf7t+ij,t+j - VVH—ij,H-j) (1)
{Ps,t+j

where capital letters without serifs represent choice variables of individual firms or
households and capital letters with serifs represent indexes that include all firms or
households. The subscript j takes on the value 0 if there are no price contracts and
the value 1 if there are price contracts. In period ¢, firm f sets the price Psy;. In
period ¢ + j in a given state, firm f produces output Y, ;, and employs the amount
L. of alabor index L. ; for which it pays the wage index W, ; per unit:

1 Ow 1 1-0w
Lt+j = fol Lf,tJrjdf = (fol LZf’tVHdh) VVt+j = (fol Wé;ngV dh) (2)

where L+, is the amount of labor supplied by household % in period ¢t + j, Wj, 145
is the wage charged by household h in period ¢ + j, and 0y > 1. Firm f chooses
quantities of L ;1 ; to minimize the cost of producing a unit of Ly, ; given the Wy ;. ;,
and Wi, ; is the minimum cost. All firms receive an ad valorem output subsidy, sp.
01445 is a stochastic discount factor, the price of a claim to one dollar delivered in
a particular state in period t + j divided by the probability of that state. We use

12The studies with stochastic models not already cited are Obstfeld and Rogoff (2000), Devereux
and Engel (1998), and Engel (1999).



&; to indicate an expectation taken over the states in period t 4 j based on period ¢
information. The production function of firm f is'3

V= LK 3)
l—a
where X, ; is a productivity shock that hits all firms, and z,,; = In X;1; «~ N(0,202).
An expression for Ly, ; is obtained by inverting this production function.
Relative demand for output of firm f is a decreasing function of its relative price:

Yf7t+.7 — (Pf7t+j>_epl (4)
Yitj I
where 0p > 1. In equation (4), Y;i; is an index made up of the output of all firms
and P, ; is a price index which is the price of a unit of the output index:

GP 17913
Yt+] fo Yht+ydh - (fo ft+3df> Ptﬂ' = (fo Jl”ti? ) (5)

where Y}, ;4 is the amount of the output index purchased by household A in period
t + j. Household h chooses quantities of Yy, ; to minimize the cost of producing a
unit of Y}, ;4 ; given the P, , and P ; is the minimum cost.

To maximize profits, a firm must set its price so that expected discounted marginal
revenue equals expected discounted marginal cost:

Op = Op 5t,t+jVVt+jL? M T
-1 Ot iviYriri| = SAr/REL
P (6’p — ) & ( tt+g f,tﬂ) (HP — 1) & ( Pt Xy ©)

Since firms are identical,

Lyj=Ly; Y=Yy Pryy =Py (7)

where we omit ¢ subscripts in the rest of this subsection for simplicity. Therefore,
the equalities in (7) imply that the ‘aggregate production function’ and ‘aggregate
price equation’ are, respectively,

L (1— (:u))(f7

1—a

5 6 W L2.Y,
spE (5+jY+j> =0p€ ( - p:inj ﬂ) (9)
J J

13That is, we assume for simplicity that there are no factors of production other than labor and
no fixed costs. Kim (2003) shows that our formulation can be viewed as a model with capital in
which the marginal adjustment cost for the first unit of net investment approaches infinity. Kim
(2004) explores the implications of allowing for fixed costs.

Yy = (8)




When j = 0 so that period ¢ prices are set on the basis of period ¢ information, the
aggregate price equation (9) can be rewritten as

OES.

which states that P must be chosen so that the marginal value product of labor (the
gross subsidy rate over the markup parameter times the marginal product of labor)
equals the real wage.

2.2 Households

A continuum of ‘identical’ households is distributed on the unit interval, h € [0, 1].
With no wage contracts, households set their wages for period ¢ based on period ¢
information, but with wage contracts they set their wages for period ¢ + 1 based on
period t information. The problem of household A in period t is to find the

© M,
max &, Z BTU (Ch,v'a ﬁ, Lh,T) (11)

{Ch,T7Mh,T7Bh,T 7BZ)7-7Wh,T+j} =t PT
where
u or (M’”)IL Y | L+x
T T PV 0=h,r
U(Ch,, =2 Ly, | = |2 - ’ U, 12
<h’ P, ’“> o 1. Z, (1+x) (12)
subject to
SWWh TLh T RT
C _— et — T -
" P B
Mh,T - Mh,T—l + 6T,T+1Bh,7' - Bh,T—l + BZ T IT—le —1
- : : (13)
Pr
] W\ T
h,T h,T w1
Ay L 14
- (32 (14)
According to equation (12), the period utility (U) of household h depends positively
on its consumption (Cj, ;) and the ratio of its real balances MPLT’T to a shock (V), and

negatively on its labor supply (Lj,).'* The period budget constraint, equation (13),
states that consumption must equal disposable income minus asset accumulation.
Each household is a monopolistically competitive supplier of its unique labor input.

- . C.r-1 .
HTf the first term of the utility function has the form “i— it has InCj . as a limit as p
approaches 1. For simplicity and comparability with other studies, we use the form in the text.
We can also obtain exact solutions if we use the form in the footnote, and these solutions have the

same qualitative properties as those obtained using the form in the text.




Relative demand for labor of household A is a decreasing function of its relative wage
as shown in equation (14)

In period 7, household h chooses its consumption and its holdings of money,
My, . Household h also chooses its wage rate in period 7 + j, Wj, ,;, and agrees
to supply however many units of its labor, Lj -, firms want at this wage where the
subscript j takes on the value 0 if there are no wage contracts and the value 1 if there
are wage contracts. In addition, in period 7, household h chooses its holdings of
claims to a unit of currency in the various states in period 7 + 1. Each element in
the infinite-dimensional vector . ry1 represents the price of an asset that will pay
one unit of currency in a particular state of nature in the subsequent period, while
the corresponding element of the vector By | represents the quantity of such claims
purchased by the household.' The scalar variable By, ,_; represents the value of
the households’s claims given the current state of nature. Household A also chooses
its holding of government bonds B;Z,T, which pay I, units of currency in every state
of nature in period 7 + 1. Household h receives an aliquot share, R., of aggregate
profits and pays lump sum taxes, T}, ,.'® All households receive an ad valorem labor
subsidy, sy. There are goods demand, U,, money demand, V,, and labor supply,
Z., shocks that hit all consumers. We assume that the shocks U,, V., and Z, have
lognormal distributions.!” We impose the restrictions that 0 < 3 < 1, p > 0, and
x > 0. & indicates an expectation over the various states in period 7 based on period
t information.

The first order conditions for household h for consumption, nominal balances,
contingent claims, and government bonds for period ¢ and for the nominal wage in
period t+ 7,7 = 0 or 1 are obtained by substituting equation (14) into equation (13),
constructing a Lagrangian expression with a multiplier 7, , associated with the period
budget constraint for each state in period 7, and differentiating;:

Uy
C—’,;t = Nht (15)
10U, 1 Nhot Nht+1
(Y PV R t(PtH) "
PVi
St,t—&-lnh,t _ ﬂnh,t-i—l (17)
P, Py

15T et 67,741 (¢) represent the element of §, r41 that corresponds to state ¢ in time 7+ 1. Then
8741 (¢) = 87 +41 ({) Pr(¢), where Pr({) represents the probability at time 7 of state ¢ in time
T+ 1.

16These equal shares exhaust aggregate profits:

1 1
/ R.dh :/ (rpPy-Y e — Wyl ) df
0 0

"That is, we assume that u, = logU, « N(0,202), v, = logV, «~ N(0,202), and 2z, = log Z, -
N(0,202).



% — BLE, <77h,t+1) (18)

o (07 1) g, (Mt _ N L P (Latts) Lnati Ui (19)
Ow — 1 Pyyj Ow — 1 Wi it Ziy;
In order to make it possible to obtain exact analytic solutions in which the nominal

interest rate can vary, we assume that © — oo. Under this assumption, the first order
conditions (15), (16), and (18) imply

1

Mht . It L[)C;;t :
) ’ =1 20
PV, Lir?o[(lt—l) v, 20)

where [; represents the gross nominal interest rate, one plus the nominal interest rate.
I; must be equal to one over the cost of acquiring claims to one unit of currency in
every state of nature in period t + 1:

B 1
f Ot 111

where the integral is over the states of nature in period ¢ + 1. Hereafter, we refer to
the gross nominal interest rate as the interest rate. According to equation (20), it is
optimal for household & to keep its real money holdings constant except for response
to a shock.!® Furthermore, under the assumption that ¢« — oo, the period utility
function relevant for scoring outcomes becomes

I, (21)

clp oL ltX
U (Chy,Lig) = (1 ’fp -7 (1’I><)> U, (22)
since -
o [ el(E) ] "
nggo 11— =0 (23)

The first order conditions for household h have implications for relationships
among aggregate variables. Since households are identical,
Ch=C,Ly=L, Wy=W, T, =T, Mp=M, B, =B, n,=n (24)

where from here on we omit all ¢ subscripts for simplicity. Eliminating n and 7,
using the condition that in each period in each state

Uy,
C_—li)—j' =My (25)

18Tf , remains finite, then money demand depends on both I, and I; — 1, so it is not possible to
obtain an exact solution.



yields the contingent claims pricing equations, the consumption Euler equation, the
aggregate wage setting equation, and the money market equilibrium condition:

~ U B Uiy
b (705) =7 (7o) 20
U _ Uty
LU, L..U..
0 Fofl [ A (M) 28
M =PV (29)

There are as many contingent claims pricing equations as there are states in period
+1. Each contingent claims pricing equation takes the form of equation (26) which
states that the price of a claim to a unit of purchasing power in a given state in period
-+1 must be such that utility forgone in order to purchase such a claim divided by the
probability of that state is equal to the discounted utility of a unit purchasing power
in that state.

The consumption Euler equation (27) states that C' must be chosen so that the
utility forgone by not spending a dollar on consumption today equals the discounted
expected utility of investing that dollar in a riskless security and spending it on
consumption tomorrow.

According to the wage setting equation (28), the wage should be increased until
the expected reduction in the disutility of labor just equals the expected loss in utility
from consumption resulting from the reduction in wage income. When j = 0 so that
consumers set their wages on the basis of current information, condition (28) can be

rewritten as - [XCP
Sw Y Xo
(Gr) % =25 @0

Equation (30) states that W must be chosen so that the marginal return from work
(the subsidy-adjusted real wage divided by the wage markup) must equal the marginal
rate of substitution of consumption for labor.

2.3 Government

The government budget constraint is
M—-M,+B9—1.B%,
P

where G is real government spending. We impose simple assumptions about the
paths of government spending, interest payments, subsidy payments, and taxes under

:G+(5p—1)Y+(sW—1)%L—T (31)
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which we can study alternative monetary policy reaction functions.!? In particular,

we assume that the government budget is balanced period by period and that real

government spending is always zero, so the government budget constraint becomes?’
I,—-1)B* w
%4—(8})—1)}/4—(81&'—1)?1—/—7—1:0 (32)

We assume that the government follows a monetary policy rule in the class®!

[ = oM YAT AM A X AX 742 (33)

where P v v I
M=— =— T=c— A=— 4
P v v T (34)

and where Y* is the full-flexibility level of output so that the output gap is given
by I' — 1. For rules in this class, either the inflation rate or nominal income is the
‘nominal anchor.”? As we show below, A\;; must exceed unity in order for the price
level to be determined.? We derive the optimal )\;, the ones that maximize expected
utility. We also consider some alternative values of the A;.

19 Assumptions about the paths of government spending and taxes have implications for which
monetary policies are feasible and for the effects of different feasible monetary policies as explained
in, for example, Leeper (1991); Canzoneri, Cumby, and Diba (2001); and Benhabib, Schmitt-Grohe,
and Uribe (2001).

20We assume a monetary policy reaction function with target inflation rate of zero but we could
just as well have chosen a nonzero target inflation rate. Note that with our utility function there
are no welfare costs of inflation.

21 For completeness we have included a money demand shock, V, in the money market equilibrium
condition. Even if we included V' in the monetary rule, it would be optimal not to respond to
movements in V. The policymaker would respond to movements in V' if it responded to movements
in the level or the growth rate of the money supply. Allowing response to the level is straightforward
but does not yield much additional insight. Allowing response to the growth rate complicates the
analysis considerably. Therefore, we do not allow such responses in this paper. However, Henderson
and Kim (1999) allow response to the level, Kim (2000) allows response to the growth rate, and
Henderson and Kim (2001) allow response to both.

22In Henderson and Kim (1999) we study rules with responses to levels of variables, such as

A A A
1=p7" (%) i (%) ' (%) "N x A g

using a model with exact solutions, where P, Y, and L are target levels of P, Y, and L, respectively.
In Henderson and Kim (2001) we compare rules in which the interest rate responds to levels with
rules in which it responds to changes in a model with approximate solutions. In models with one-
period contracts, targeting the price level, output, or nominal income has the same effects on real
variables as targeting inflation, output growth, and nominal income growth, respectively, whenever
P =P, and Y = Y_;; the target changes for inflation, output growth,and nominal income growth
are zero; and Ap = Ay and Ay = Ay. However, the effects on expected inflation and, therefore,
nominal interest rates are different under levels and changes targeting whenever the current price
level is different from P = P;_;. With levels targeting agents expect that the price level will return
to P = P,_; but with changes targeting agents expect that it will remain at it current level.
23Under levels targeting Ap must exceed zero in order for the price level to be determined.
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3 Full Flexibility

We consider three versions of our model. To establish a benchmark, we begin by
considering the version with full flexibility of wages and prices, denoted by W¥ PF
where the superscript F' stands for the word ‘flexible.’

3.1 Solution

In each version of the model six equations are used to determine the equilibrium
values of the variables. With W PF | the forms of these six equations are

LeX
Y — - (production)
L*Q 6
- L0 (price)
Py e o (wage)
Uiy U
li -
BIE (Yf1H+1> 77 (demand)
[ = BT AT AM A XA 72z (rule)
M = PV (money)

where we have imposed the equilibrium conditions that C' =Y and C,; = Y,; and

where @ = 1—a and Y = 14+ . Recall that II = PLil is the gross inflation rate. As will

w
P_q

nominal wage divided by yesterday’s price level. With W P¥ both wages () and
prices (II) are set after the shocks are known, and the only expected magnitudes are
in the demand equation.

The solutions for selected variables are shown in Table 1. Substituting the solu-
tions for these variables into the equations of the model yields the solutions for the
other variables.?*

Substituting the production and price equations into the wage equation and solv-
ing yields the solution for L, and substituting the solution for L into the production
function yields the solution for Y:

become evident, it is useful to define the variable {2 = which represents today’s

L' = (x77z)7
- (35)
v = () (8)7 x 2
H=%,  D=%  J=ap+x

where p = p— 1. D is an index of distortion. Recall that 6y and 6p are markups
which must exceed one (1 < Oy, 0p < o0). sy and sp are gross subsidy rates which

24The properties of log normal distributions used in this paper are summarized in the Appendix.
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are greater than one when production and employment are being subsidized and less
than one when these activities are being taxed. We assume throughout that D is
greater than one. Note that for given gross subsidy rates, the index of distortion
rises with the product of the markups. The index is equal to one when the product
of the markups is equal to the product of the gross subsidy rates.

To solve for the inflation rate we use the method of undetermined coefficients.
Suppose that II takes the form

II* = ®Y Y LPLU%v X 9x 7%z (36)

We find @, ¢, ¢y, and ¢, by beginning with the demand equation and eliminating
Y, Y., and Y* using the solution for Y*, eliminating II using the conjectured solution
(36), and eliminating I using the rule equation to obtain

— (A= 1)In® — Apdyy_1 — Audpl1 — A (dpu + oxx + ¢z2)

= (Ar — ¢y)In (5[1 (%ﬁ) + (@) In (%) —Ary-1— Al +InEQy (37)

F O —1u+ (AxJ+>2(Arf<z>yJ+p)fﬁ(AA—¢L)> o <AzJ+a(AT—¢§+p)+(AA—¢L)> 5

H=% D=t J-dpix. Q=ULMX T
where lower case letters represent logarithms. If equation (37) is to hold for all
U, X, and Z, it must be that the ¢, and ® take on the values given in Table 1 in
the Appendix and that IT* and 2* have the solutions given in the same Table. We
assume that A\;p exceeds positive one so it is possible to solve for ®.25 1In all the
versions we consider, if one or more \;,j # 1l is allowed to approach infinity, then
A must also be allowed to approach infinity, and the rate of approach of A\ must be
such that the ratio j—é is constant for the A; that is approaching infinity most rapidly.
In this version, these restrictions must be met if there is to be a well defined solution
for In ®.

Substituting the solutions for L* and Y* into the period utility function (22) with
C, =C =Y and L, = L and rearranging yields?®

U = -KUX %77, (38)

. H\? (XD +ap
~\D aPX

25From equation (37) it would appear that it is possible to solve for ® as long as Ay # 1. However,
in Henderson and Kim (2001) we show that A\;p must satisfy more stringent conditions in order for
there to be a determinate rational expectations equilibrium and that if Ary is positive, as seems
reasonable and as most if not all investigators have assumed, it must exceed one.

20We describe one way to derive equation (38). Use the price equation (price) to eliminate
% from the wage equation (wage). Note that the resulting equation and the production function

(production) imply that Y U = % %and use this relationship to eliminate Y ~?U. Then factor
XoLiU
Z

and make use of the solution for L*.

out
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Under our assumption that D > 1, the sign of K is the same as the sign of p

sgnK = sgnp (39)

It should come as no surprise that under this assumption utility decreases with in-
creases in the distortion index:

ou* xo\ (H\" 1 _BX . _dp

= () (= 1——<XJZJ> 4
5=~ (F) <D> p)\Y <0 (40)
Taking expectations of equation (38) yields the solution for expected utility of the
representative consumer with W PF:

~~N 2 ~~\ 2
i+ (2) 2+ (%) og] (a1)

We are now prepared to discuss the effects of the shocks on the variables and utility.
As should be expected, with W P the real variables that enter utility (employment,
L, and output, Y') are independent of the parameters of the monetary rule. L and Y
depend only on the productivity shock, X, and the labor supply shock, Z. Expected
utility depends on 02 only because U enters the utility function directly.

The effects of a labor supply shock are easier to analyze than those of a produc-
tivity shock. The downward sloping marginal product of labor schedule, M PL, and
the upward sloping marginal rate of substitution (of consumption for labor) schedule,
MRS, implied by the price equation and wage equation (with Y eliminated using the
production function), respectively, are shown in the top panel of Figure 1 in logarithm
of real wage (w — ) and logarithm of employment (/) space. An increase in Z shifts
the MRS schedule down from MRS, to MRS,. The equilibrium real wage must
fall and equilibrium [ must rise from [y to /1. The upward sloping production function
schedule PF' is plotted in the bottom panel of Figure 1 in logarithm of output (y) and
logarithm of employment space. The increase in Z does not affect the production
function, so y rises from yy to y; as [ rises from [y to [;. An increase in Z raises
utility because it results in both an increase in the utility from consumption and a
net reduction in the absolute value of the disutility of labor.

Under our assumptions, an increase in productivity (a rise in X') increases y and

EU* = —Kexp

3.2 Discussion

lowers, leaves unchanged, or raises [ depending on whether p % 1. An increase in X
shifts both the M PL and M RS schedules up from M PLg to M PLs and from M RS,
to M RS,, respectively. The M RS schedule shifts up by more than as in Figure 1,
the same as, or less than the M PL schedule depending on whether p % 1. Therefore,
the equilibrium real wage must rise and equilibrium [ must fall as in Figure 1, remain
the same, or rise depending on whether p % 1. An increase in X also shifts the
production function to the left from PFy to PF;. Equilibrium y definitely rises. Of
course, if [ rises, y must rise. However, even if [ falls as in Figure 1, y rises. [ falls
only if the M RS schedule shifts up, and the M RS schedule shifts up only if y rises.

13



An increase in X raises utility because the increase in the utility from consumption
more than offsets any increase in the absolute value of the disutility of labor.

With WEPF | the model is recursive. The real variables (labor, output, and
the real wage) are determined by the subsystem made up of the production, price,
and wage equations. Given values of these variable, the nominal variables (the
inflation rate, the nominal interest rate, and the money supply) are determined by
the subsystem made up of the demand, rule, and money equations. In our model
the only role played by the money market equilibrium condition is to determine the
nominal money supply recursively, so we will not make use of it again.

The goods demand shock, U, does not enter the subsystem that determines the
real variables. An increase in U affects the utility of consumption and the disutility
of labor in exactly the same way, so households have no incentive to change their
decisions. U enters the subsystem that determines the nominal variables through
the policy rule.

4 Wage Contracts and Flexible Prices

In this section, we consider the version with wage contracts and flexible prices denoted
by W€ PF where the superscript C' stands for the word ‘contracts.’

4.1 Solution

In this version, the price and wage equations are

L*Q (0p :
= % <;> (price)

o 1 Lx L
(B)afen (L) e ()
and (2 = }% is the ratio of the nominal wage to the price level in the previous period.
The price equation is the same as in the case of W PF | but the wage equation is
different. With wage contracts, the wage and, therefore, {2 must be set one period
in advance without knowledge of the current shocks, so the wage equation contains
expectations.

As before, we solve the model using the method of undetermined coefficients. The
solutions for selected variables are displayed in Table 2. The solutions for the other
variables can be obtained using these solutions and the equations of the model.

Suppose that the solution for L takes the form

L =ZU% X8 7¢2 (42)

We find = by substituting the output and price equations into the wage equation and
collecting terms to obtain

LXU . U
XOD(C/‘,l ( 7 ) = Oépg,1 (L&i’Xﬁ) . (43)

14




Substituting the conjectured form of the solution for L into equation (42) yields

XoDZXE_1Q3 = &PEE_1Q,, (44)

Qs = UlfodﬁX*@X&*l)f’Z*ﬁzdﬁ, Qs = v+l xéxx z&zx—1

Therefore, if equation (44) is to hold, Z must take on the value in equation (7'2.3) in
Table 2 in the Appendix.

We can find the &; and by substituting the rule equation into the demand
equation and collecting terms to obtain

UY = IMTA A AP0 XA 2228 (U, YT (45)

Eliminating Y, II, and Y* using the output and price equations and the solution for
Y* in equation (35), respectively, collecting some terms, and rearranging yields

<Q>(P+AF+AT) I (@@)AH <(%X*ﬁ2)% ¥>)\F

a X sp a

(46)
X411 sp

— Y ML UL XX 7 (UH (%) -’ <Lilﬂ+1 @_P> —1)

In any period, the variable €2 is predetermined; that is, £ (£211) = €44. This condition
is met by the conjecture {2 = Y_gf Lg_LIQ, where Q) is a constant. This conjecture makes
it possible to construct a rational expectations equilibrium. Imposing this conjecture,
substituting in the conjectured form for L, rearranging, and taking logs yield

O ((pu+Exr +€42) + Anéyy-1+ Al + (0 — p& — o) In =2
=(1-Xy)u-— (%) T — (@) Z+ Ayy_1 + Al (47)

~mEQi+ (A — &) ma— (n—1) (@ —1In (32)) + 22 (£)

H=% D=%% J7_Gap+% O@=a(p+ i +Ar—&)+ (M — &)+ adm,

Xo’ swsp’

K=Ax +p+Ar+Ar — & — A, Qg = U'évl@rta) x—(pHéx(@pta)) 7—Ez(apta)
If equation (47) is to hold for all U, X, and Z, then the {; and © must take on the
values given in equations (72.2) and (7'2.8) in Table 2 in the Appendix, respectively.
The restrictions on the behavior of Ay when one or more \;,j # II is allowed to
approach infinity stated in the section on the W P version must be met if there is
to be a well-defined solution for w.

4.2 The Policymaker’s Loss Function

The policymaker’s expected utility function is the expected utility function of the
representative agent. However, it simplifies the analysis to define a policymaker’s
loss function that is a transformation of relative expected utilities.
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The policymaker’s expected utility with wage contracts is given by

~\ 2 2
EU = EU* exp {5@2 [g%]ai + (sX + §> o2 + <§Z — %) ai] } (48)

where £U* is the policymaker’s expected utility with W P given in equation (41)
which and is invariant to monetary policy. The derivation of this exact expression is
actually simpler than the derivation of the standard approximation.?”

It is helpful to use the concept of certainty equivalent consumption. The utility
of consumption, C, is

Ccl-r
=1
and its inverse taking expected utility as an argument is defined as certainty equivalent
consumption, Cop:?®

C (49)

Cop = [(1 = p)&UJT> = [(1 - p)€U] 7 (50)
We define the policymaker’s loss function, L, as
Crp\® [ (1—p)EU \#% [ EU \#=
P el _ _ (<Y 1
()" - (=) - (%) o

It is more convenient to work with the logarithm of loss (hereafter, log loss):

1 1

~\ 2 2
\ p
InL =5 (InCfy — InCep) = 202 + (§X - 7) o2+ <§Z — j> 0220 (52)

From (52) it is apparent that certainty equivalent consumption with W¥ P is always
greater than or equal to certainty equivalent consumption with WYPF. 1In other
words, the best the policymaker can do with wage contracts and flexible prices is to
mimic the outcome with full flexibility.

The result just obtained may be somewhat surprising given the distortions arising
from monopolistic competition in the product and labor markets, so we consider it
in more detail. Expected welfare with W P¥ can be written in terms of the mean
of the logarithm of labor (€ In L) and the variance of a term involving that logarithm
and the logarithms of shocks. Furthermore, the policymaker can raise £1n L with
WCPF above the W¥ PF level because £ In L depends on the variances of the shocks

2TWe describe one way to derive £U. In equilibrium C' =Y. Use the price equation (price) to
eliminate % from the wage equation (wage). Note that the resulting equation and the production

function (production) imply that & (Y‘ﬁU) = %5 (&%) Use this relationship to eliminate
E (Y‘f’U ) in the expectation of the period utility function (22). Factor out £ (&%) and make

use of the solution for L in equation (72.1) in Table 2 in the Appendix. Make use of the expression
for EU*in equation (41).
281t is easier to work with Cop than with U because the former is always positive.
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and the parameters of the monetary policy rule. However, equation (52) implies that
the policymaker has no incentive to raise £In L above the W P level because the
benefits of doing so are just offset by the costs associated with the required changes
in the monetary policy parameters.?

4.3 Full Information

First we consider the case in which the policymaker can discover the values of all three
shocks: the demand shock U, the productivity shock X, and the labor supply shock
Z. It can use some combination of inference based on observed values of variables
and surveying households and firms. The variables in this version of the model are
inflation, output growth, and employment growth. As we will confirm below, the
only way for the policymaker to discover the value of the labor supply shock Z is by
surveying households because this shock does not affect the values of the variables.

4.3.1 Optimal Policy

With wage contracts, the solutions for all the variables depend on the parameters
of the monetary rule. Now we derive the optimal full information rule with wage
contracts and describe the effects of the shocks under that rule.

In our model, the policymaker must observe and respond appropriately to inflation
(or nominal income growth) if there is to be a determinate rational expectations

29The discussion in footnote 27 implies that expected utility can be written as

ap + Dy LXU
8U:X°< pdf»zx>g< Z >

where

LXU

E(—) = exp [E(fclnL—ﬁ—u—z)—i—V(XlnL—’_u_z)

2

Z

] =expX [ElnL-i- V(XIHL;_U_Z)}

From the solution for L in the Appendix it follows that

In (&£ 2 ~ ~2 2 -
emr - 20 +(§@Ang)gg+<5XJA+(2§X“1)” >a§+<5ZJA+j§Z>< 1)az

It is true that, for example,

o€ InL
Oy

is negative at £;; = 0, the value that makes it possible to replicate the W P¥ equilibrium. Therefore,
it might seem that expected welfare could be improved by lowering &;; below zero by raising Ay
above one. However, the first equation in this footnote can be shown to be equivalent to equation
(48) by evaluating V (xIn L + u — z) and collecting terms, and it is apparent from inspection that
the derivative of equation (48) with respect to §;; is zero at £ = 0. An analogous argument can
be made regarding deviations of £y and &, from the values that make it possible to replicate the
WF PF equilibrium.

= (QfUA -2) Ui
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equilibrium. If, in addition, the policymaker can discover the values of all three
shocks, it can respond to them or to the output gap and attain the W¥ PF solution.
If the policymaker can respond directly to the shocks or to the output gap,

A, Ax, Az, Ar 20, An>1,  Ayr=Xx =0 (53)

where symbols with prime marks indicate full information values and A is an arbi-
trary positive number greater than one.
The solutions for the variables are

A= (%) SUS X¢x Z¢2,
T = (L) (L) Zapeva Xexa+t Zeza (54)

Y_ 1

1= (9_P) O=apréve xéxa—178za
sp

1
2 & ~2 2 < =
== {4 |(ehA—26y) o + (SIALELEIT) o2 | (LIAneil) 62 1

J— 17}‘U — K 5()\1" _ )‘Z &)‘F _ o~~~ ~
fv="=7% &=-6t%6n &=—F+% A=ap—Xx

K:)\X—Fp—f—)\r—)\n, @:&(p—l-)\p)—l—oz)\n, J:Oé,b—f‘f(

1
B B _ _Arpé g1
Q=YHINO, & =3, &= 0= (3) (:@P“ (5) 7 5@4)

2 N2
n&Qy = ((ﬁ - §U> on+ <§X + a,ﬁm) o2 +£2Z02) (6p + a)?

where symbols representing full information values are obtained by beginning with
the corresponding symbols in Table 2 in the Appendix and setting Ay = Ay = 0. We
present solutions for the growth rates of employment and output because we want
to consider nominal income growth targeting, and it is convenient to have both real
variables expressed in the same terms.

4.3.2 Offsetting Shocks

Note that there is a one to one mapping from the parameters of the policy rule to the
coefficients of the shocks in the solution for L. It is more convenient to determine
the optimal shock coefficients for L and then infer the optimal policy rule parameters.
It is clear from inspection that the values of the shock coefficients in the solution for
labor which minimize (52) are

1

=0 &=-5  &=5 (55)
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and that the minimum loss is zero. Therefore, if the shock coefficients take on these
values expected utility with W¢PF is equal to the W PF level of expected utility.

The optimal rule coefficients implied by the optimal labor coefficients are obtained
by equating the expressions for the shock coefficients in equation (72.2) to the optimal
values of these coefficients given in equation (55) and solving for the policy rule
parameters. The results are

Ao =1, Ax = _pa(ﬁ;) + (apﬁxx) A, Az =gz (dﬁo-éb'c) An (56)
The model exhibits determinacy so long as Ay is greater than one, and subject to this
constraint the value Ay can be chosen arbitrarily. Once a value of A is chosen, the
values of the other policy rule parameters are determined.

What is of most interest is the overall response of I to the shocks under the optimal
policy. In determining this response it is necessary to take account of the fact that
IT depends on the shocks because it enters the reaction function. The solution for
IT is obtained by beginning with equation (price) and eliminating L using equation
(54) with &, €5, and £, set equal to the optimal values shown in equation (55).
Substituting this solution into the reaction function (33) with \r = Ay = Ay = 0
and with A\, Ax, and Az set equal to the optimal values given in equation (56) and
collecting terms yields

A N

[=p5" {Q (9—P> E‘”] UX 5% 2 aix (57)
Sp

Increases in U leave Y* unchanged, so the policymaker should move the interest rate

to exactly match any increase in U in order to keep Y from being affected. Increases

in both X and Z raise Y*, so the policymaker should lower the interest rate in order

to increase Y by as much as Y* increases. That is, the policymaker should fully

‘accommodate’ productivity shocks and labor supply shocks.?"

An alternative way of finding the optimal rule is less direct but more elegant. If
wages and prices are perfectly flexible and the policymaker follows the optimal rule for
which the coefficients are given in equation (56), then for all shocks the utility of the
representative consumer is at its second best optimum, and the wage is unaffected.
The wage result can be confirmed by substituting the expressions for the \; in equation
(56) into the solution for * in equation (7'1.2) in Table 1 in the Appendix. The
wage result implies that when the policymaker follows the optimal rule, the outcomes
for all the variables including wages are the same no matter whether wages are preset
in contracts. That is, the requirement that wages must remain constant is not a
constraint that prevents attainment of the second best optimum. It follows that an
alternative way of finding the optimal rule with W¢P¥ without ever calculating the
solution for that version is to find the rule that keeps wages constant with W P¥.

30Treland (1996) finds that with one-period price contracts the policymaker should always ac-
commodate a productivity shock when the money supply is the policy instrument. We obtain an
analogous result when the interest rate is the policy instrument in subsection 5.2.
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4.3.3 Strict Output Gap Targeting

If the policymaker can discover all the shocks, another possible optimal policy is strict
output gap targeting . The values of the shocks are used to calculate W¥ PF output
and, therefore, the output gap. The policymaker varies the interest rate so as to
totally eliminate deviations of the output gap from zero.

If the policymaker targets a combination of the output gap and inflation so that

/\FEO, )\H>1, AT:)\A:AU:)\X:)\ZZO (58)
then the values of the shock coefficients in the solution for labor are
1 p—An+Ar  XAr aAr

é-U @7 gX (__) @J ) A @J ( )

Recall that the model exhibits determinacy if Ay > 1.

Clearly if there is strict output gap targeting so that A\r — oo, the values of the
shock coefficients in the solution for labor are the W¥ P equilibrium values given
in equation (55). That is, strict output gap targeting yields the same result as the
policy of fully offsetting the shocks discussed in the preceding subsection. This result
makes sense because loss can be written as a function of employment and the shocks
and by assumption the policymaker knows the shocks and, therefore, can calculate
the flexible-price value of employment.

4.4 Partial Information

Now we consider the case in which the policymaker can discover information about
the shocks only by using observed values of the variables. We explore alternative
assumptions about which variables it can observe. In our model, the policymaker
must always observe and respond to inflation (or nominal income growth) if there is
to be a determinate rational expectations equilibrium. The question then becomes
what happens when, in addition, it can observe and respond to output growth or
employment growth or both.

If the policymaker cannot directly observe the three shocks, it cannot respond to
them or to the output gap which depends on W¥ P¥ output and, therefore, on all the
shocks. Therefore,?!

)\T,)\AEO, )\H>1, )\U:)\X:)\Z:)\F:O (60)

The solutions for the variables are given by

31Of course, it could respond to an estimate of the output gap in which estimates of both output
and full flexibility output are used. We do not consider this case here. As long as the policymaker
is making optimal use of any information it has, it could not do better by responding to an estimate
of the output gap.
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(
T = (L) (%) v xExatl (61)
(

=~ (8[(5) -} omb mop a-me
/<a=p+/\T—§Y_/\Ha@:&(P+/\T_§Y)+(/\A_§L)+O‘/\H

_ _ N 1
Q= YE{L&—%Q §y = i\\_;a §L = :\\_ﬁa Q= (Z—I;) (Ee*pa*ad_(/\r_&)f;@zl) Aot

MEQy = o + p*o2 + (ap+ )’ o2

where symbols representing partial information are obtained from the corresponding
symbols in Table 2 in the Appendix by setting Ay = Ax = Az = Ar = 0.

One might conjecture that if the policymaker could observe and respond to output
growth and employment growth as well as to inflation, then it could achieve the W ¥ P¥
equilibrium. After all, in that case there would be three information variables, and
there are only three shocks. However, it is clear from equations (61), that this
conjecture is incorrect. The three information variables all depend on only two
shocks, the demand shock U and the productivity shock X. Since nominal wages
are set in one period contracts before markets meet and households agree to supply
whatever labor firms want at those wages, the labor supply shock Z has no effect on
the equilibrium values of the variables.

What is true is that if the policymaker can observe either output growth or em-
ployment growth in addition to inflation, it can determine the values of U and X and
can offset the effects of these shocks on loss and can do nothing to offset the effects
of Z on loss. We illustrate this general result with the case in which the policymaker
can observe and respond to inflation and output growth in the next subsection but
we do not work out the other possible case.

If the policymaker can observe and respond only to inflation or to a combination
of inflation and some other variable such as nominal income growth, it can determine
only a combination of the values of U and X. In this situation, the policymaker
should choose its response based on the relative importance of the two disturbances.
We also illustrate this general result with an example.

As the language of this section suggests, the policymaker’s stabilization problem
can be viewed as a ‘signal extraction’ problem, where the ‘signals’ are movements
in observed economic variables and what are to be ‘extracted’ are estimates of the
shocks.?? In our exposition, we do not explicitly view the problem in that way but

32Kalchbrenner, Tinsley, Berry, and Garrett (1977) and LeRoy and Waud (1977) were among the
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instead view it as a problem of choosing the best possible monetary rule coefficients
given the information constraints. Our way of viewing the problem is a little less
transparent but considerably simpler computationally.

4.4.1 Targeting a Combination of Inflation and Output Growth

Suppose that the policymaker can observe and respond to both inflation and output
growth. Then log loss is

2

InL | ™Y = ! o2
&<p+)\y—;\—$)—l—o&\n
(62)
pt+Ar—3E — Ao 5\ 1)
+ |- A +2 a§+(—) o’
d(p—k)\y—f\—E)—l—oz)\n J J

where the superscript after the vertical bar indicates which variable or set of variables
is being observed and responded to.

In accordance with the principle stated in the last subsection, the loss associated
with the variances of U and X can be totally eliminated but the loss associated with
the variance of Z can not be reduced.?® In particular, if**

\ .
M _PEX_P g0 Ar—ooo (63)
At X X
then log loss is
1\2
Il |y"= <7> o? (64)

where the subscript O indicates optimal stabilization. Note that the ratio i—z is
higher than the ratio %, that is, there is more response to output growth relative to
inflation the more costly is output (consumption) variation relative to employment
variation.

There is an alternative way of finding the optimal responses to inflation and output
growth which is analogous to the alternative way of finding the fully optimal rule
discussed in the subsection on offsetting shocks. The optimal responses to inflation
and output growth in the version with WY P¥ are those that would make the nominal
wage invariant to demand and productivity shocks (U and X) in the version with

first to emphasize how instructive it is to cast stabilization problems as signal extraction problems.
33This result was obtained by Koenig (1996) who allows for separate responses to the levels of
price and output.
34In order to confirm the result stated in equation (63), divide the numerators and denominators

of the coefficients of 02 and o2 by Ar, let A\ and Ay approach infinity holding the ratio % constant.

2

Taking this limit drives the coefficient on 02 to zero. The coefficient on o2

choosing the indicated value for %

can be set to zero by
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WFEPE. The solution for the nominal wage with W¥ P¥ is given in equation (7'1.2)
and the nominal wage is invariant to U and X if and only if the \; are set at the
values given in equation (63).

4.4.2 Nominal Income Growth

Now suppose that the policymaker can observe and respond to only nominal income
growth. In this case the policymaker is responding to the single variable IIT, so it
can infer only a combination of the U and X shocks, not the two shocks individually.
Therefore, it cannot fully offset these shocks.

If the nominal interest rate responds only to deviations of nominal income growth
from a constant target value of 0, so that

/\H = )\'r >1 (65)

then log loss is

1 2 —ﬁ p 2 1 2
Inl HT: - 2 . Ld 2 - 2 66
alL| (azwm) 0“+(di)+>\T+J> %+(J) 7= (66)

Under strict nominal income growth targeting, A\ = Ay — 00, and log loss is

wr_ (PN 2. (1Y,
InL ¢ = 5 o+ 5 ) o (67)

where the subscript S indicates strict targeting or total stabilization. Note that the
more inelastic is labor supply (the larger x and, therefore, the larger is J) the closer
is strict nominal income growth targeting to the fully optimal policy.?
Optimal nominal income growth targeting involves minimizing the log loss in
equation (66) with respect to Ay. The optimal Ay is
Jo? + p*xe?  Jo? J o

)\T:~—:~_2_+>~C ~2

1 > 1 68
p203; D U:2z +( +X) ( )

2ol
ISR SN

B

The optimal interest rate response increases with the ratio of the variance of the
demand shock to the variance of the productivity shock. As we confirm below, the
property that the optimal response coefficient rises with ratio 4{ is quite general.
The log loss from the optimal response to nominal income growth can be expressed
as a positive fraction of the log loss associated with the productivity shock under strict
nominal income growth targeting plus the irreducible loss associated with the labor

supply shock:
InL |HT - 073 p i 24 1 i 2 (69)
Hlo = pro2 4 o2 j) ‘= 7) %

The fraction rises from zero to one as the ratio Z¢ increases from zero to infinity. In
other words, the larger the ratio of the variance of the demand shock to the variance

35This result was obtained by Bean (1983).

23



of the productivity shock, the larger the ratio of the optimal loss to the loss with
strict nominal income targeting, that is, the less suboptimal is strict nominal income
targeting. As we confirm below, the property that the ratio of optimal loss to the
strict-targeting loss rises with the ratio Z# is also quite general. The explanation for
this property is that if the only shocks are demand shocks, then total stabilization
of any of IIT, I, T, or A yields the best feasible result. However, if there are also
productivity shocks, then, in general, the best feasible result requires changes in all

of these variables.

4.4.3 Inflation

Next suppose that the policymaker can observe and respond only to deviations of the
inflation rate from a constant target value. It should be emphasized that we have
already shown that if the policymaker has information on either output growth or
employment, it should use that information. Thus, the only reason why a policy-
maker would respond only to inflation is that information about inflation is the only
information that it has.

If the policymaker can observe and respond only to the inflation rate, then

)\H>1, )\’I‘:)\F:)\U:)\X:)\Z:O (70)

then log loss is

Inl Im_ 1 2 2 Au—p | P 2 2 1\2 2
nl |” = (®_n> au—i-( on +J> O'm—i-(j) o’ -
@H:dp—i‘@)\n

Under strict inflation targeting, log loss is

1 3\2 1\2 2 1\2
InL [} = <E+§> ai—i-(j) — <P;L_JX) Ui+(j> o’ (72)

For labor supply shocks, employment growth and, therefore, output growth are un-
affected, and are, therefore, less volatile than under the optimal policy. For produc-
tivity shocks, under strict inflation targeting, output growth is always more volatile
than under the optimal policy and employment growth is more volatile than under the
optimal policy for a wide range of parameters with a < % being a sufficient condition.

Optimal inflation targeting involves minimizing the log loss given by equation (71)
with respect to Ay which yields

> 2
=X 2 O (73)
Uw

. . 2
Arr rises with Z&.

Note that Aij must exceed one if the model is to have a unique rational expectations
equilibrium. The optimal value of Ay exceeds one if and only if
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P+ % p(i)+5<)o—§> & (p—1) px +af( Oz)p+oz—|—X]U§>() (74)

This condition is definitely met if p > 1 and may be met if p < 1. If this condition is
not met, there is no unique feasible value of A\;; that minimizes log loss; the smaller
the amount by which Ay exceeds one, the lower is log loss.

The log loss from the optimal response to inflation is a positive fraction of the log
loss associated with the productivity shock under strict inflation targeting plus the
irreducible loss associated with the labor supply shock:

2 92 2 2
o _ a~oy, P+ X 2 1 2
InL |, = (p202 +a2a2> ( i ) oy + (7> o (75)

[oa

. . . 2 . . .
The fraction rises from zero to one as the ratio Z# increases from zero to infinity.
x

4.4.4 Comparison

Nominal income targeting is better than inflation targeting for plausible values of the
parameters. A necessary and sufficient condition for strict nominal income targeting
to be better than strict inflation targeting is

5 <5

If p > 1, this condition is always fulfilled. If p < 1, this condition can be reduced to

a—X
p>a—i—1 (77)

where the maximum value of the right hand side is %, attained when o — 1 and
x — 0. The majority of empirical studies find point estimates of p that are greater
than one, often much greater. The condition in equation (76) is sufficient for optimal
nominal income growth targeting to be better than optimal inflation targeting.?¢
What accounts for the general superiority of nominal income growth targeting?
The two policies are equally effective in offsetting demand shocks: the strict version
of each leads to a complete offsetting of demand shocks. However, nominal income
growth targeting is better at offsetting productivity shocks for plausible parameter

values. According to equation (63), the optimal separate responses to inflation and

36The necessary and sufficient condition for optimal nominal income growth targeting to be better
than optimal inflation targeting reduces to

~ ~ 2~
pPp’os +pPatal < (p+x)° [pPos + 07
Condition (76) implies

~ 2 ~ ~ 2
pratoy <(p+x) oy, Pl <p*(p+x) or
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output growth have the same sign but are not equal in value except in the special case
in which p = 1. Consider the ratio of the income growth response to the inflation
response with various rules. A sufficient condition for the ratio of the optimal separate
responses to be closer to the ratio of responses with nominal income growth targeting,
which equals unity, than to the ratio with inflation targeting, which equals zero, is
p> 1.

5 Wage and Price Contracts

In this section we consider the version with both wage and price contracts denoted
by W¢PC.

5.1 Solution

With WY PC the wage equation is the same as with WP, but the price equation
is different from that in both of the other versions:

f(E)SEENE
B (24

Not only wages but also prices must be set one period in advance without knowledge
of the current shocks so not only the wage equation but also the price equation contain
expectations.

We solve the model using the method of undetermined coefficients. The general
solutions are displayed in Table 3 in the Appendix. Suppose that the solution for L
has the form

L =WU% X¥x 7%z (78)

We find ¥ by substituting the production equation into the price and wage equations,
collecting terms, and dividing the price equation by the wage equation to eliminate
% to obtain
E_1 (L™®UXP) DE_y (L*PUX*)
Xo€_1 (LXUZ-1) — arE_y (Lo—apU X —r)

Substituting in the conjectured form of the solution for L in equation (78) and rear-
ranging yields

(79)

arU=PE_ (Qs)
XoWXE-1 (Qs)

—D (80)

Qs = U'lﬂbudiJvﬂbv@iJX*(#}xdiﬂrﬁ)Z*wzdﬁ7 Qs = UYuxtlyvvx X ¥xX zvzx—1

If equation (80) is to hold ¥ must take on the value in equation (7°3.4).
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We find the 1;, II, and € by substituting the rule equation into the demand
equation to obtain

VPU = [IMTA YA A XAX 72z g (YJ{)HHUH) (81)

In any period, II is predetermined; that is, £ (Il;1) = II,;. This condition is met
by the conjecture Il = bely L%ﬁﬁ, where II is a constant. This conjecture makes it
possible to construct a rational expectations equilibrium. Imposing this conjecture,
substituting for Y the form implied by the conjectured form for L, rearranging, and
taking logs yield

F (Ypu+xz +¢z2) + Autdyy—1 + Anpla + (F — pa) In ¥
= (1= Ap)u— (B820) g — (222820) 2 4 Ayy g + Al (82)

+(Ar —ty)Ina+22n (£) —In€Q; — (A — 1) 7

F

alp+Ar+Ar —Uy)+ M —vYr), e=Ax+p+Air+Ar —ty

J=ap+ ¥, S Ul—Yuép X —Yxap—p 7—bzap

If equation (82) is to hold for all U, X, and Z, it must be that the t; and 1I, respec-
tively, must take on the values given in equations (7'3.2) and (7°3.8) in Table 3 in the
Appendix. Given the solution for II, the price equation can be used to obtain the
solution for © in equation (7'3.10) in Table 3.3" The restrictions on the behavior of
Am when one or more Aj, j # Il is allowed to approach infinity stated in the section
on the W P¥ version must be met if there is to be a well-defined solution for 7.

5.2 Full Information

In this subsection we derive the optimal monetary policy with WYP® under the
assumption that the policymaker has full information about the current values of all
the shocks. With WCPC | just as with W¢ P strict output gap targeting (Ar — o)
yields the optimal outcome and for the same reason.

The solutions for the variables are

A= (ﬁ) WY Xx Zvz
-1

(83)
T = (YL) (l) Yo vud XYxatl ziza
—1 o
Yy = gy = g By, = d g

€:)\X+p+)\p, F:d(p—f-)\r), J=ap+x

where symbols for full information are obtained by starting with the corresponding
symbols in Table 3 and setting Ay = Ay = 0.

3TOf course, the solution for 2 can also be obtained using the wage equation.
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As in the case of W PF'| we state the policymaker’s optimization problem in terms

of the labor coefficients and then infer the optimal rule coefficients. It is clear from
Tables 2 and 3 that the solution for L and, therefore, the solution for Y have exactly
the same form with W P¢ as they do with wage contracts alone with Vv, =UX,72
replacing §;,7 = U, X, Z wherever they appear. It follows that the expressions for
expected loss and, therefore, the optimal values of the shock coefficients in the solution
for L are the same with W¢PY as they are with wage contracts alone. That is,
_ P 1 \
b= wn=-L w,= (54)
In characterizing the optimal policy rule, as before we assume that the policymaker
responds either to the shocks and inflation or to the output gap and inflation:

A Ax; Az Z00r Ar 20, Ap>1, Ay =X2 =0 (85)

and that A is an arbitrary positive number greater than one. The optimal shock
coefficients implied by the optimal labor coefficients are

PX ap
=1 Ax= 7 Az = 7 (86)
With WP just as with WCPF, optimal policy involves completely offsetting de-
mand shocks and fully accommodating productivity and labor supply shocks. The
result for productivity shocks is analogous to the finding of Ireland (1996) who as-
sumes that the money supply is the policy instrument.

With WCEPC, just as with WCPF, there is an alternative way of finding the
optimal rule that is less direct but more elegant. The alternative way of finding
the optimal \;, j = U, X, Z in the version with WYPY is to find the values of those
coefficients that keep prices constant in the version with W¥ P¥. The logic that leads
to this result may not be immediately obvious. As we show in Henderson and Kim
(1999), outcomes with price contracts and flexible wages (W PC) are the same as
the outcomes with WP for all variables except the nominal wage. Therefore, the
optimal rule with W¢ P is the same as the optimal rule with W¥P®. By analogy
with case of WCP¥ the optimal Aj,J = U, X, Z in the version with WFPC can be
obtained by finding the values of those coefficients that keep prices constant in the
version with W¥ PF,

5.3 Partial Information

Now we consider the case in which the policymaker can discover information about
the shocks only by using observed values of the variables. We explore alternative
assumptions about which variables it can observe. In our model, the policymaker
must always observe and respond to inflation (or nominal income growth) if there is
to be a determinate rational expectations equilibrium. The question then becomes
what happens when, in addition, it can observe and respond to output growth or
employment growth or both.
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If the policymaker cannot directly observe the three shocks, it cannot respond to
them or to the output gap which depends on W P¥ output and, therefore, on all the
shocks:*®

)\T,)\AEO, )\H>1, )\U:/\X:)\Z:)\FZO (87)
The solutions for the variables are
A= (1) QU¥v X¥x

(88)

1 A A
@Z)U:f—; ¢X:_,L£7 ¢Y:ﬁ7 @Z}L:ﬁa

e=p+I:—y, F=a(p+M:—9y)+M—%Y), J=ap+Xx
where symbols for partial information are obtained by starting with the corresponding
symbols in Table 3 in the Appendix and setting \y = Ax = Az = Ar = 0.
Suppose the nominal interest rate responds to deviations in both output growth
and labor growth from unity, so that

)\T>0, )\A>O, )\H>1, )\F:)\U:AX:)\ZZO (89)

where symbols for partial information are obtained by starting with the corresponding
symbols in Table 3 and setting Ay = Ax = Az = Ar = 0. In this case, log loss is

)\ 2
InlL T.A _ 11 } 2
oL | {awnwuﬂ—1>]+AA<AH—1> %
(90)
pr + Ar (dg — 1) Z)}2 2 (1) )
+4{—= += + (=
{a[p)\HJr)\T()\H—l)]Jr)\A()\H—l) gf 7="\7) 7

If the policymaker observes and responds to both output growth and employment
growth, the loss associated with the variances of U and X can be totally eliminated
but the loss associated with the variance of Z can not be reduced. In particular, if*’

Ay

A
— ==, A — 00, 2 constant, Ar=Ag=Ax=2Az=0 (91)
)\A )\A

> ™

then log loss is

InlL

1 2
o= <7> o (92)

380f course, it could respond to an estimate of the output gap in which estimates of both output
and full flexibility output are used. We do not consider this case here. As long as the policymaker
is making optimal use of any information it has, it could not do better by responding to an estimate
of the output gap.

39In order to confirm the result stated in equation (91), divide the numerators and denominators

of the coefficients of 02 and 02 by A, let A\p and Ay approach infinity holding the ratio % constant.

2
T

Taking this limit drives the coefficient on 02 to zero. The coefficient on o
choosing the indicated value for i—j\‘

can be set to zero by
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where the subscript O indicates optimal stabilization. If p > 1, there is more re-
sponse to output growth relative to employment growth the more costly is output
(consumption) variation relative to employment variation.

There is an alternative way of finding the optimal responses to output growth and
employment growth which is analogous to the alternative ways of finding optimal
rules discussed above. The optimal responses to output growth and employment
growth in the version with WP are those that would make inflation invariant to
demand and productivity shocks (U and X) in the version with W P¥. The solution
for IT*, inflation with W P¥_is given in equation (7'1.1) in the Appendix, and II* is
invariant to U and X if the \; are set at the values given in equation (91).

Suppose the policymaker can observe and respond only to output growth. With
WCYPF, when the policymaker observed a single variable, no matter which one, it
could infer information about a combination of U and X. For output growth with
WCPC, the situation is different. The policymaker can infer the value of U exactly
but can learn nothing about X. The optimal response for the policymaker is to
totally offset the effects of U by strict targeting of Y:

Ay — 00, = constant, M= Adr=XAg=Ax=Xz=0 (93)

ats
Ay

The resulting optimal log loss is

~ 2 2
1
InL |5 = (%) o2 + <7> o? (94)

When all prices are set in contracts, nominal income growth targeting is clearly
better than inflation targeting. Since inflation in predetermined, with inflation tar-
geting the policymaker never responds to any shock. With predetermined inflation,
nominal income growth targeting is the same as output growth targeting. Strict
nominal income targeting is the best the policymaker can do with information about
only inflation and output. All demand shocks are completely offset, but there is no
response to productivity shocks because they do not lead to changes in output.

Now suppose that the policymaker can observe and respond only to employment
growth. For this variable with W¢PC¢ as for any single variable with W¢P¥, the
policymaker can infer a combination of the U and X shocks. Strict employment

growth targeting yields
N\ 2 1\ 2
InL |3 = (g) o+ (7> o> (95)

Strict employment growth targeting is better (worse) than strict output growth tar-
geting when p* < (%)2 When p? is small, the full flexibility change in employment
is small so that strict employment growth targeting is not very costly. However, if
p? is large enough, strict output growth targeting is better.

Strict employment growth targeting is not the optimal response to information
about employment growth. The optimal response to employment growth is
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~ 2
JyR—t (% + iﬁ) (96)

Ai—1\p  ppo?

N2 2
A _ g p 2 1 2
InLL |3 = <—p202 " 02> <7> o, + (3) o (97)

As in all earlier cases, the optimal response to employment growth is more aggressive
the greater the relative importance of demand shocks, and the gap between the loss
associated with strict targeting and the loss associated with the optimal response
increases with the relative importance of the productivity shock.

It is interesting to compare optimal employment growth targeting and optimal

which implies

e N

nominal income growth targeting. When (p)* < (%)2, optimal employment targeting
is clearly better. As shown above, in this case strict employment growth targeting
is better than strict nominal income growth targeting. ~With WY P, strict and
optimal nominal income growth targeting are the same. By construction optimal
employment targeting weakly dominates strict employment targeting. However, when
(p)° > (%)2, the ranking depends on parameter values. For small 02, optimal nominal
income growth targeting is better, since relatively more important demand shocks
are completely offset under optimal nominal income growth targeting but not under

optimal employment growth targeting.

6 Conclusions

In this paper we construct an optimizing-agent model with monopolistic competition
in the product and labor markets and one-period nominal contracts. This model is
simple enough that we can obtain exact solutions. We compare alternative simple
monetary stabilization rules to optimal rules using as a criterion the expected utility
of the representative agent. We focus on the two cases of (1) wage contracts and
flexible prices and (2) wage and price contracts.

Even in the presence of the distortions resulting from monopolistic competition,
the best the monetary authority can do is to match the flexible price and wage equi-
librium. In our model with one-period nominal contracts, the optimal rule under
full information about the shocks can match the flexible price and wage equilibrium.
We also calculate optimal rules under alternative assumptions about the partial infor-
mation available to the policy maker. The optimal rules under partial information
and simple rules can never achieve the full flexibility outcome because they imply
no response to labor supply shocks. Of course, in general the optimal rule with full
information dominates optimal rules with partial information which in turn dominate
strict inflation targeting, strict nominal income growth targeting, and other simple
rules. However, if there are no labor supply shocks, in a few special cases, optimal
rules under partial information are as good as optimal rules under full information,
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and in even fewer special cases, some simple rules are as good as optimal rules un-
der full information. Among suboptimal rules, nominal income growth targeting
dominates inflation targeting for plausible parameter values.

A number of our conclusions regarding optimal rules under partial information
and simple rules depend critically on the relative importance of productivity distur-
bances as measured by the ratio of the variance of the productivity disturbance to
the variance of the demand disturbance. For example, the more important are pro-
ductivity disturbances, (1) the lower the response coefficient in optimal rules based
on observation of and response to a single variable, (2) the more suboptimal are
strict inflation targeting, strict nominal income targeting, and other simple rules that
involve total stabilization of a single variable rather than optimal response to that
variable, and (3) the greater the advantage of nominal income growth targeting over
inflation targeting. Another critical parameter is the elasticity of the disutility of
labor (which, of course, is inversely related to the elasticity of labor supply). For
example, if the elasticity of the disutility of labor is high, with wage contracts alone
strict nominal income growth targeting performs very well, but with both wage and
price contracts it performs very badly.
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Appendix

In this appendix, we summarize the properties of log normal distributions that are
used in this paper and present tables containing the general solutions for the three
versions of the model.

Properties

Suppose that the variable (Q has a log normal distribution; that is, suppose that
q¢=1IQ ~ N(u,202). Now InQ* = kq so Q* = €+ Tt follows that the £ (QF) =
E(er) = M(q, k) where M(q, k) is the moment generating function for ¢ and is given
by

0o 1 _ (g—pg)? 2 9
M(q, k) = kq i | dg = eFrath o Al
@h=[ e [W%e ]q ‘ (A1)
that is )
E (Qk) = ek“quk 9q (A2)
Note that if p, = 0, then £ (Q) = % #1land £(Q?) = e*i. However, if £ Q) =1=
eMat9s then 0 = py+0o2sop, = —o2and £ (Q%) = e2tat175 = 275 We have assumed

that p, = 0 in order to simplify our calculations. However, we can understand why
others might prefer the alternative assumption.

Now suppose that the variables U and X are independently and log normally
distributed; that is, suppose that v = InU ~ N(u,,,202) and z = In X ~ N(u,,202).

It follows that
E (UkUXkX) _ ekUMu+k2U03+kX“m+k§(‘73_ (A3)

General Solutions

The general solutions for the cases of full flexibility, wage contracts and flexible
prices, and wage and price contracts are given in Tables 1, 2, and 3, respectively.

Table 1: Full Flexibility (W PF)

II* = Y LL U X ¢x 797, T1.1
0= (ﬁ) YO Lo (B) T gou Xex it F gea=5 | g, —dx g = T1.2
by = %’ by = _)\XJ+)~(()‘T*<§};[(+]P)*/~J(>‘A*¢L)7 ¢, = _>\ZJ+54()\T*¢;\§1_/IJJFP)+()‘A*¢L) T1.3
= — (55) @) - () (a7 (8)7) - () m () T14
InEQ; = (1 —¢y)’ o2 + (¢X+%5‘)20§+ (gzﬁZ—i-@)?az T1.5
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Table 2: Wage Contracts and Flexible Prices (W¢ PT)

L = ZU% X¢x 78z,

1-A XA hy )\ A A
SU:TU7 fX:_%+><@_§7 SZ:_EZ+a@_§7 gY:ﬁ7 §L:ﬁ

K=Ax+p+Ar +Ar =&y — A, O =a(p+Ar + Ay — &) + (A — &) +adn

1
—_ E- J N~ N
:z(%gggg) , J=dap+x, A=dap-X

MELQs = (1 — £yap)’ 02 + (Exa + 1) 70 + E36%5%0?

InE Qs = (Eyx +1)2 02 + Ex X202 + (€44 — 1) 02

——— l oy 3 ~
n (528)7 = (€54 — 26 0% + (SR o2 . (LIAR

1

O = YﬁyLﬁLQ Q _ Sp (:@pdad()\yﬁy) (ﬂ)‘AFTa EQ )Anl
1 184, 0p — D 4

lngQ—<;_g>22< b V2202 (A 2
1= (5= —Sv) out (Ex+a05) 0z +E&20% (ap +a)

)o

2
z

721

12.2

72.3

12.4

125

72.6

172.7

12.8

729
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Table 3: Wage and Price Contracts (W P°)

L = UUY%u X¥x 7%z

1-\ XA A G\ A A
wU: FU7¢X:_%+%7¢Z:_TZ+%>wY:ﬁ>¢L:ﬁ

E=Ax+p+ A+ A =y, F=a(p+Ar+Ar —vy)+ (A —¢yp)

1
£ T -~ ~ -~ ~
U= (%—57182) , J=ap+x, A=dp-X

€ 1Qs = (Yyap — 1) 02 + (byap + p)’ o2 + i’ pPo?

In& Qs = (Yyx +1)° 02 + %202 + (¥ — 1) 02,

1 e .
n (iﬁigi) T (wQUA B 2¢U) o2 + <w§A+(21§Xa+1)p2> o2 + (zpzZAJr?]wzx—l) o2

by ViR T 3 < (v -8 S
M=Y LI, II= PaAr+Ar =ty )+(Aa =) 5~ Ar —vy) (%) T EQ;

mEQr = (1 —yap)* o2 + (Yxip + p)* 02 + ¢3a°po?

Q=T ()€ (%) (€1 (55) " =1 (3) arv e .0

731

T73.2

73.3

734

13.5

73.6

T3.7

73.8

73.9

73.10
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Figure 1. Flexible Wages and Prices



